OBJECTIVE Although there is a growing body of research highlighting the negative impact of obesity and malnutrition on surgical outcomes, few studies have evaluated these parameters in patients undergoing intracranial surgery. The goal of this study was to use a national registry to evaluate the association of body mass index (BMI) and hypoalbuminemia with 30-day outcomes after craniotomy for tumor. METHODS Adult patients who underwent craniotomy for tumor were extracted from the prospective National Surgical Quality Improvement Program registry. Patients were stratified by body habitus according to the WHO classification, as well as by preoperative hypoalbuminemia (< 3.5 g/dl). Multivariable logistic regression evaluated the association of body habitus and hypoalbuminemia with 30-day mortality, complications, and discharge disposition. Covariates included patient age, sex, race or ethnicity, tumor histology, American Society of Anesthesiology class, preoperative functional status, comorbidities (including hypertension and diabetes mellitus), and additional preoperative laboratory values. RESULTS Among the 11,510 patients included, 28.7% were classified as normal weight (BMI 18.5-24.9 kg/m , and 3.1% had missing BMI data. In multivariable regression models, body habitus was not associated with differential odds of mortality, postoperative stroke or coma, or a nonroutine hospital discharge. However, the adjusted odds of a major complication were significantly higher for Class I obese (OR 1.28, 99% CI 1.01-1.62; p = 0.008), Class II obese (OR 1.53, 99% CI 1.13-2.07; p < 0.001), and Class III obese (OR 1.67, 99% CI 1.19-2.36; p < 0.001) patients compared with those of normal weight; a dose-dependent effect was seen, with increased effect size with greater adiposity. The higher odds of major complications was primarily due to significantly increased odds of a venous thromboembolism in overweight and obese patients, as well as of a surgical site infection in those with Class II or III obesity. Additionally, 41.0% of patients had an albumin level ≥ 3.5 g/dl, 9.6% had hypoalbuminemia, and 49.4% had a missing albumin value. Hypoalbuminemia was associated with significantly higher odds of mortality (OR 1.91, 95% CI 1.41-2.60; p < 0.001) or a nonroutine hospital discharge (OR 1.46, 95% CI 1.21-1.76; p < 0.001). CONCLUSIONS In this National Surgical Quality Improvement Program analysis evaluating patients who underwent craniotomy for tumor, body habitus was not associated with differential mortality or neurological complications. However, obese patients had increased odds of a major perioperative complication, primarily due to higher rates of venous thromboembolic events and surgical site infections. Preoperative hypoalbuminemia was associated with increased odds of mortality and a nonroutine hospital discharge, suggesting that serum albumin may have utility in stratifying risk preoperatively in patients undergoing craniotomy.
T he global obesity epidemic has impacted every facet of health care, and obesity is one of the most common comorbidities in the US. 28 Obese patients are known to have inferior surgical outcomes. Prior research on extracranial operations has shown that obese patients are at higher risk of perioperative mortality and morbidity, including increased rates of prolonged mechanical ventilation, venous thromboembolic events, infectious complications, and reoperations. 3, 22, 29 Although some of this surgical risk may be attributable to the concomitant comorbidities within the metabolic syndrome 8 (i.e., hypertension, hyperlipidemia, and diabetes), obesity has been shown to be an independent risk factor for inferior outcomes. 18 On the other hand, the importance of adequate preoperative nutrition has been increasingly recognized. 19 Malnutrition is associated with wound complications, infections, and extended hospitalization, which may be due to poor wound healing and immunodeficiency in the presence of a catabolic state. 13 However, malnutrition is difficult to quantify. Thus, serum albumin, phosphate, and Creactive protein have been used as markers of nutritional status. Although serum albumin is an imperfect proxy of nutritional status, studies have shown its prognostic value on perioperative morbidity and mortality after extracranial surgery. 1, 19 There is a dearth of research evaluating body habitus and malnutrition in patients undergoing intracranial surgery. 2 Understanding the association of obesity with outcomes after cranial tumor surgery is of particular interest because it may be a risk factor for meningiomas. 12, 27 In this study, a prospective multiinstitutional registry, the National Surgical Quality Improvement Program (NSQIP), was used to evaluate the association of body habitus and preoperative serum albumin with 30-day outcomes after craniotomy for tumor.
Methods

Data Source
The NSQIP deidentified database was used for the years [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Maintained by the American College of Surgeons (ACS), NSQIP is a registry where surgical reviewers prospectively collect data using a uniform protocol. The NSQIP has been externally validated and previously used to evaluate patients undergoing neurosurgical intervention, 9, 11 including craniotomy for tumor. 7, 21, 25, 34 Our institutional review board has exempted the deidentified NSQIP database from review.
Inclusion and Exclusion Criteria
Patients were included if they met the following criteria: 1) were ≥ 18 years old; 2) had a postoperative diagnosis of a brain tumor or of a primary extracranial malignancy; 3) had a Current Procedural Terminology code indicating that they underwent a supratentorial (61500, 61510, and 61512) or infratentorial (61518, 61519, 61520, 61521, 61526, and 61530) craniotomy or craniectomy for excision of tumor; 4) their attending surgeon was a neurosurgeon; 5) the disposition was inpatient; and 6) the procedure was performed under general anesthesia or monitored anesthesia care. Tumor histology was stratified based on the 
Patient Stratification
Patients were stratified by body mass index (BMI) and preoperative serum albumin level. Patient height and weight are recorded by NSQIP, allowing BMI to be calculated. Classification of body habitus was performed using BMI according to the following WHO criteria: underweight (< 18.5 kg/m ) obesity. 9 In the primary analysis of serum albumin, patients were stratified categorically by hypoalbuminemia (< 3.5 g/dl). 
Covariates Collected
Pertinent covariates collected by the NSQIP were extracted. Age was examined categorically by quartile. Sex, tumor histology, and location (supratentorial vs infratentorial) were evaluated. American Society of Anesthesiology (ASA) class was assessed categorically as I-II, III, IV-V, or missing. Functional status "prior to the current illness" is collected by NSQIP and was stratified as independent, dependent, and unknown or missing.
Comorbidities collected by NSQIP, present in ≥ 30 patients and missing in < 10% of patients, were evaluated: smoking (within the last year), hypertension requiring medication, chronic obstructive pulmonary disease, dyspnea, diabetes mellitus, and a bleeding disorder (defined by the NSQIP as vitamin K deficiencies, hemophilia, thrombocytopenia, and long-term anticoagulant use, but not including aspirin use). The following additional pertinent preoperative laboratory values were extracted and stratified: sodium (by 135 mEq/L), white blood cell count (by 4,000/ml and 10,000 ml), hematocrit (by 30% and 40%), international normalized ratio (by 1.4), aspartate transaminase (by 40 and 80 IU/L), total bilirubin (by 1 and 1.5 mg/dl), and alkaline phosphatase (by 120 and 200 IU/L). Preoperative steroid use (within 30 days) data were also extracted. Data on admission type and preoperative intubation (within 48 hours) were extracted. An operation was denoted as an emergency if deemed so by the primary surgeon. Operative time was evaluated in the analysis of body habitus, because operative positioning and length are impacted by obesity, and was assessed categorically at the 30-minute intervals closest to the median and upper quartile of the study population.
Outcomes Data
Thirty-day mortality data were extracted. Neurological complications collected by the NSQIP include new postoperative coma or cerebrovascular accidents, the latter of which are defined as embolic, thrombotic, or hemorrhagic accidents with motor, sensory, or cognitive dysfunction that persists for at least 24 hours. Data extracted for additional complications were cardiac, pulmonary, or renal (cardiac arrest, myocardial infarction, extubation failure, prolonged ventilation, or acute renal failure); venous thromboembolic (pulmonary embolus or deep venous thrombosis); systemic infectious (pneumonia, urinary tract infections, and sepsis); surgical site infections; and postoperative packed red blood cell transfusions. A major complication was defined according to a published categorization as a neurological, cardiac, pulmonary, or renal complication; venous thromboembolism; surgical site infection; sepsis; or reoperation. 26 Data for unplanned reoperation (within 30 days) are available for patients from the years 2012-2013 of the NSQIP. An extended hospital stay was defined as a hospitalization longer than the upper quartile of the interquartile range of the study population. Discharge disposition data were extracted (available for the 2011-2013 NSQIP releases); a nonroutine hospital discharge was defined as any discharge other than to home and was only evaluated for patients discharged alive. Data for unplanned readmission within 30 days (available from 2011 to 2013) were extracted and evaluated among patients who were discharged from the initial hospitalization alive.
Sensitivity Analysis
Given the categorical stratification of body habitus and albumin in the primary analyses, sensitivity analyses were performed with the data evaluated continuously. Underweight patients were excluded from this analysis of BMI; both body habitus and albumin were logarithmically converted due to non-normal distribution. Additionally, a sensitivity analysis was performed with all obese classifications in a single category.
Missing Data
Patients with a missing BMI value were stratified into a different category and were compared in regression models with patients with normal body habitus in an additional sensitivity analysis. Likewise, patients with a missing preoperative albumin value were also stratified into a separate category and were compared with patients without hypoalbuminemia. Finally, patients with missing data on other covariates were stratified into a different group for these variables.
Statistical Analysis
Statistical analyses were conducted using Stata 13 (StataCorp). Descriptive statistics were performed on baseline demographic data. A global Pearson chi-square test was used to assess for significant differences between any strata for categorical variables. Multivariable logistic regression models were constructed to evaluate the association between body habitus or albumin and outcomes; all patient and treatment characteristics that differed significantly by that exposure variable (body habitus or albumin) on the global chi-square test and that were missing in < 10% of the population were used as covariates. The only covariate included with ≥ 10% missing data was race or ethnicity, due to its association with both exposure variables and postoperative outcomes. 14 Concordance (C) statistics examined the discriminatory capacity of each regression analysis. Additional regression models were constructed including an interaction term between that exposure variable (body habitus or albumin) and tumor histology, without removing any other covariates, to evaluate for effect-measure modification by tumor histology. Due to the relatively large sample size of the study population and multiple strata of body habitus, a p < 0.01 was defined as significant, to decrease the chances of a Type I (falsepositive) error. Additionally, odds ratios and 99% confidence intervals were calculated from logistic regression.
Results
Demographic Data of Study Population
Among 11,154 patients evaluated in the primary analysis of BMI, 28.7% (n = 3307) were classified as normal weight, 1.9% (n = 222) as underweight, 33.4% (n = 3849) as overweight, 19.1% (n = 2201) as Class I obese, 8.3% (n = 949) as Class II obese, 5.5% (n = 627) as Class III obese, and 3.1% (n = 355) missing, with a total population of 11,510. Patients are compared by BMI in Table 1 . The median BMI was 27.5 (interquartile range 24.1-31.9) kg/m 2 . Moreover, 5822 patients had data on preoperative serum albumin, of whom 81.0% (n = 4715) had values ≥ 3.5 g/dl and 19.0% (n = 1107) had values < 3.5 g/dl. The median albumin level was 4.0 (interquartile range 3.6-4.3) g/dl. Patient demographic data are compared by preoperative albumin in Table 2 .
Outcome: Body Habitus
Multivariable logistic regression models evaluating outcomes by BMI are presented in Table 3 . The crude proportion of patients with a major complication differed by body habitus (Fig. 1) , and the adjusted odds of a major complication were significantly higher for all obese patients. Although these higher odds were partially due to venous thromboembolism, if the definition did not include venous thromboembolism, Class II (OR 1.49, 99% CI 1.07-2.06; p = 0.002) and Class III (OR 1.56, 99% CI 1.07-2.27; p = 0.002) obese patients still had increased odds of a major complication (other data not shown). To evaluate for congruity with the primary analysis, a sensitivity analysis was performed evaluating BMI continuously. The findings of this analysis were similar to those of the primary analysis: increasing BMI was associated with greater odds of a major complication, venous thromboembolism, an unplanned reoperation, and a trend toward increased surgical site infections (p = 0.02), but no other significant differences were seen. Likewise, when all obese patients were included in a single stratum, obesity was associated with significantly increased odds of a major complication, venous thromboembolism, reoperation, and surgical site infections (data not shown). An additional sensitivity analysis was performed, placing those with missing height or weight values in a separate categorization in regression models, to evaluate if this group differed significantly from patients with normal weight. In this analysis, patients with missing height or weight data had greater adjusted odds of an extended hospitalization (OR 1.80, 99% CI 1.30-2.52; p < 0.001); however, no significant differences were seen on other outcome measures.
Outcome: Serum Albumin
Postoperative outcomes are compared by albumin level in Table 4 . Hypoalbuminemia was associated with greater adjusted odds of mortality, extended hospitalization, and a nonroutine hospital discharge. Additionally, the results of a sensitivity analysis that was performed with albumin evaluated continuously were similar to those of the categorical models, with greater albumin associated with decreased odds of 30-day mortality, an extended hospitalization, and a nonroutine discharge, but no significant differences in other measures (data not shown). An additional sensitivity analysis was performed comparing patients with a missing albumin value to those without hypoalbuminemia. In this analysis, a missing albumin value was associated with decreased adjusted odds of a neurological complication (OR 0.41, 99% CI 0.19-0.90; p = 0.004) and a trend toward lower odds of a prolonged hospitalization (OR 0.79, 99% CI 0.61-1.02; p = 0.02). However, no significant differences were seen for other outcomes.
Interactions Between Exposure Variables and Histology
Because tumor histology varied significantly by BMI and albumin, an additional regression model was constructed with an interaction between that exposure variable and tumor histology (using major complications for BMI and mortality for albumin), to evaluate whether dif- 
Discussion
Despite the increasing prevalence of obesity internationally, few studies have evaluated the association of body habitus with outcomes after craniotomy. 16, 24 In an institutional analysis, Aghi et al. showed that male obese patients with meningiomas had significantly higher rates of readmission and nonsignificant trends toward increased venous thromboembolism and surgical site infections.
2 When examining 404 patients, Schultheiss et al. did not find associations between obesity and outcomes in patients who underwent cranial surgery. 33 Additionally, 2 publications included patients with subarachnoid hemorrhage to investigate the obesity paradox, a theory that has become prevalent in the cerebrovascular literature suggesting that obese patients may have superior outcomes due to greater energy reserves and reduced inflammation. 15 Nonetheless, neither study found variations in outcomes by body habitus. 30, 35 In this NSQIP analysis, 11,510 patients were analyzed to evaluate the impact of body habitus on outcomes. There were several notable differences in baseline characteristics-ASA score, hypertension, diabetes, and preoperative dyspnea all varied significantly by BMI. Variables that differed significantly by body habitus, including tumor histology, were used as covariates in multivariable models. Overweight and obese patients did not have differential adjusted odds of 30-day mortality, postoperative stroke or coma, or a nonroutine discharge, suggesting that body habitus may have a less important role in neurological outcomes. However, the adjusted odds of a major complication were significantly greater for all obesity classes, with a dose-dependent relationship, whereby increased odds were seen with greater adiposity. Further analysis showed that the increased odds of a complication were primarily due to increased odds of venous thromboembolism in all overweight and obese patients, as well as of a surgical site infection or reoperation in morbidly obese patients. Although the associations of obesity with venous thromboembolism and of morbid obesity with surgical site infections have been documented in extracranial populations, 10 it is also important for cranial surgeons to consider these associations when stratifying patients by risk and managing their postoperative course. Additionally, although some studies have found obesity to be a predictor of venous thromboembolism after craniotomy, 5, 23 in the present study, all patients with greater adiposity-including overweight patients-had increased odds of venous thromboembolism.
Prior research has shown that hypoalbuminemia is associated with postoperative mortality, complications, and longer hospitalizations, 19 but this association is poorly understood. Differential outcomes may be due to the direct consequences of low albumin. Deficiencies in albumin can result from hepatic failure, nephrotic syndromes, and malnutrition. One of the most important functions of albumin is transport, 31 and wound healing may be impaired in patients with hypoalbuminemia because there is poor trafficking of micronutrients. Hypoalbuminemia reduces intravascular oncotic pressure, leading to fluid egress into the extracellular matrix, which may compromise incisional integrity. 17 Although some have hypothesized that albumin repletion should mitigate some of these sequelae, clinical studies have primarily not shown a benefit to albumin infusion. 32 However, the association between albumin and outcomes may not be causal, and hypoalbuminemia may simply be an indicator of a more compromised systemic state. 19 Albumin is a marker for inflammation and total nutritional deficiency (as opposed to pure protein deficiency). The lack of nutrients renders a catabolic state, whereby wound healing and systemic function are impaired, leading to impaired homeostasis and immunodeficiency. 4 In this study, hypoalbuminemia was associated with increased adjusted odds of mortality, an extended hospitalization, and a nonroutine hospital discharge. However, complications did not differ significantly by albumin level, suggesting that in patients who underwent intracranial surgery, albumin may primarily be a marker of a compromised systemic state rather than a mediator of complications. Nonetheless, the association of albumin with outcomes should not be discounted, even if this association may not be causal. Albumin may be an indicator of overall health, nutritional status, and the ability to survive a major operation to consider when stratifying patients by risk preoperatively.
There are many important limitations of this study. Although BMI is commonly used to measure body habitus, it may misclassify patients with substantial muscle mass. Other indices including waist-to-hip ratio may better stratify patients by central adiposity. 6 Additionally, albumin was not measured or was missing in 49.4% of patients. Patients with missing albumin values had decreased odds of a postoperative coma or stroke and a trend toward lower odds of an extended hospitalization, suggesting that patients who did not have preoperative albumin measured may have been healthier than patients with a measured albumin level. Although missing data may introduce a selection bias, if the albumin value is preferentially missing in healthier patients, this may actually reduce the power to detect differences in outcomes by albumin, by excluding patients with good outcomes. Moreover, although the NSQIP collects many variables of interest to neuro-oncology patients, tumor size, Karnofsky Performance Scale status, a composite measure of neurological function, and long-term outcomes are not available. Additionally, the NSQIP collects limited data on postoperative neurological outcomes, seizures, and CSF leakage; furthermore, new neurological (including cranial nerve) deficits are not included in the current NSQIP algorithms. However, there are many advantages to using the NSQIP registry to evaluate the associations between body habitus and serum albumin with outcomes. First, BMI can be directly measured from height and weight, which is superior to clinician diagnosis or ICD-9-CM codes, both of which may underestimate obesity, particularly Class I obesity. 20 Additionally, the large sample size allows underweight, overweight, and different classes of obese patients to be evaluated, providing a more nuanced assessment of body habitus compared with a dichotomous stratification of obese versus nonobese patients. Moreover, the NSQIP collects several potential confounding variables, including race or ethnicity, ASA class, functional status, comorbidities, and laboratory values, which were included as covariates in multivariable regression when they differed significantly by body habitus or serum albumin. 
Conclusions
In this NSQIP analysis, 11,510 patients who underwent craniotomy for tumor were analyzed to evaluate the association of body habitus and preoperative serum albumin level with 30-day outcomes. Mortality, new coma or stroke, and discharge disposition were not associated with body habitus, suggesting that obesity may be less important for neurological outcomes. However, all obese patients were found to have greater adjusted odds of a major complication, primarily due to higher odds of a venous thromboembolism in both overweight and obese patients, as well as of a surgical site infection in morbidly obese patients. Hypoalbuminemia was associated with increased adjusted odds of mortality and a nonroutine hospital discharge, suggesting that serum albumin may have a role when stratifying patients by risk. 
